Modified oligodeoxyribonucleotides incorporating 4-W-carbamoyldeoxycytidine derivatives were synthesized.
INTRODUCTION
Recently, we have reported the duplex stability of oligodeoxynucleotides containing 4-N-acyldeoxycytidine and 4-yV-alkoxycarbonyldeoxycytidine derivatives (1, 2) . Our results showed that acylation or alkoxycarbonylation of the 4-A^-amino group of deoxycytidine does not inhibit formation of the Watson-Crick base pair. In this paper, we report the duplex stability and the base recognition ability of oligodeoxynucleotides incorporating 4-Ncarbamoyldeoxycytidine derivatives with various substituents on the carbamoyl group.
Serebryanyi et al. reported that A^-nitroso-AT-methylurea, which is a mutagenic compound, reacts with cytidine to give 4-/V-carbamoylcytidine, 3-methyl-4-yV-carbamoylcytidine and 3-methyluridine (3). Awaya et al. synthesized various /V-carbamoylcytosine derivatives as antibacterial compounds by use of the reaction of cytosine with isocyanate derivatives (4).
In 1984, it was reported in India that highly toxic methyl isocyanate accidentally gushed out from a tank for its storage so that 2000 or more people were killed (5). Segal et al. studied the reaction of DNA with methyl isocyanate and identified 4-/V-carbamoyldeoxycytidine and 4--Ncarbamoyldeoxyadenine as degradation products (6). Tamura et al. also studied the mutagenesis of isocyanate derivatives and reported that 4-N-carbamoyldeoxycytidine derivatives in DNA duplexes can be removed by the Uvr endonuclease repair system (7).
The first structural study of 4-N-carbamoylcytidine derivatives was reported by Kumar et al. (8) . They revealed the crystal structure of 4-N-(ureidocarbonyl)-2'-deoxycytidine and 4-/V-[(methoxycarbonyl)amino]carbonyl-3\5'-di-0-acetyl-2'-deoxycytidine.
In the former compound, the carbamoyl group was found to form an intramolecular hydrogen bond with the cytosine ring nitrogen. The latter forms a homo-dimer in which an intermolecular hydrogen bond was found.
This study shows that the 4-/V-carbamoyl group can form two geometries. One blocks the formation of the Watson-Crick base pair and the other can form the stable Watson-Crick base pair. Recently, Guzzo-Pernell et al. designed 4-Ncarbamoyldeoxycytidine derivatives capable of triplex formation with a C -G base pair from the pyrimidine side.
They revealed that 4-JV-(N-phenylcarbamoyl)deoxycytidine binds weakly to the target C • G base pair (9).
We studied the geometry of the 4-A^-carbamoyl groups in the 4-N-carbamoyldeoxycytidine derivatives in detail by use of NMR analysis and ab initio calculation. Hybridization and base recognition abilities of these modified cytosine bases were also investigated by use of 7m analysis. Even if the hybridization affinity was diminished, the unique property of 4-/v"-carbamoyldeoxycytidine derivatives that form a base pair with the guanine base through their conformational change is very interesting.
RESULTS AND DISCUSSION

